Mississippi State University

Scholars Junction
Theses and Dissertations

Theses and Dissertations

12-13-2019

Vegetable, Dietary Fiber Consumption and Obesity in Japan and
the United States
Megumi Hashida

Follow this and additional works at: https://scholarsjunction.msstate.edu/td

Recommended Citation
Hashida, Megumi, "Vegetable, Dietary Fiber Consumption and Obesity in Japan and the United States"
(2019). Theses and Dissertations. 4955.
https://scholarsjunction.msstate.edu/td/4955

This Graduate Thesis - Open Access is brought to you for free and open access by the Theses and Dissertations at
Scholars Junction. It has been accepted for inclusion in Theses and Dissertations by an authorized administrator of
Scholars Junction. For more information, please contact scholcomm@msstate.libanswers.com.

Template B v4.0 (beta): Created by L. Threet 2/5/19

Vegetable, Dietary Fiber Consumption and Obesity in Japan and the United States

By
TITLE PAGE
Megumi Hashida

A Thesis
Submitted to the Faculty of
Mississippi State University
in Partial Fulfillment of the Requirements
for the Degree of Master of Science
in Nutrition
in the Department of Food Science, Nutrition and Health Promotion
Mississippi State, Mississippi
December 2019

Copyright by
COPYRIGHT PAGE
Megumi Hashida
2019

Vegetable, Dietary Fiber Consumption and Obesity in Japan and the United States
By
APPROVAL PAGE
Megumi Hashida
Approved:
____________________________________
Terezie Tolar-Peterson
(Major Professor)
____________________________________
Antonio J. Gardner
(Committee Member)
____________________________________
Diane K. Tidwell
(Committee Member)
____________________________________
Marion W. Evans Jr.
(Graduate Coordinator)
____________________________________
George M. Hopper
Dean
College of Agriculture and Life Sciences

Name: Megumi Hashida
ABSTRACT
Date of Degree: December 13, 2019
Institution: Mississippi State University
Major Field: Nutrition
Major Professor: Terezie Tolar-Peterson
Title of Study: Vegetable, Dietary Fiber Consumption and Obesity in Japan and the United
States
Pages in Study: 64
Candidate for Degree of Master of Science
The US and Japanese populations do not meet recommended DF intakes. This study
indicated the relationship between the variety of vegetables available in markets and vegetable
consumption in the US and Japan. The number of vegetables available in markets was
determined using online resources from five markets in each country. Mean number of vegetable
products in the US was 104.4 products (SD: ±36.8) and mean number of vegetable products in
the Japanese markets was 120.2 products (SD: ±15.6). There was no significant relationship
between the variety of vegetables in markets and vegetable consumption between the US and
Japan. This study identified how to measure the variety of vegetables available in markets
through online resources. Future studies should consider more effective methodology to measure
the variety of vegetables, increase sample size, and find accurate resources, such as for the
measurement of food diversity and more detailed data from NHANES and NHNS.
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CHAPTER I
INTRODUCTION
Dietary fiber plays an essential role in maintaining or improving health, preventing
chronic diseases, including coronary heart disease, and regulating the digestive system (Marlett
et al., 2002). Specifically, individuals with a high intake of dietary fiber have a lower risk for
developing obesity, diabetes, stroke, and certain gastrointestinal diseases (Marlett et al., 2002).
Several factors affect the level of dietary fiber in meals, including lifestyle factors,
socioeconomic factors, eating habits, and food choices. Dietary habits have been changing
through the past decades all over the world due to high technologies of food preservation, food
processing, cooking methods, food availability, and food access. People can obtain many kinds
of foods, not only fresh produce but also processed foods, such as sugary and fatty products.
Therefore, people are more likely to purchase and consume more calories than the daily
recommended intake.
Inadequate dietary fiber intake is a significant problem in the overall American dietary
habits and in the Japanese population as well (Nakaji et al., 2002). In the United States, the
recommended dietary fiber intake for adults is 25-30 grams per day (United States Department of
Agriculture [USDA], 2018). Nevertheless, in 2009-2010, the average intake of dietary fiber in
American adults was approximately only 16 grams per day (USDA, Agricultural Research
Service [ARS], 2018). In addition, American adults tend to over-consume sugars, saturated fats,
and sodium (USDA, ARS, 2018). Thus, the United States population has not been reaching their
1

recommendation for dietary fiber. For health promotion, the USDA suggests using the
“MyPlate” tool, which is a visual guideline suggesting half of the plate be filled with vegetables
(USDA, ARS, 2018). Filling half of a plate with vegetables is effective in increasing dietary fiber
intake and promoting satiety (USDA, ARS, 2018). A colorful visual expression, variation of
taste and aroma affect meal consumption. The tool was developed to visually indicate how much
people should eat from each food group for each meal (USDA, ARS, 2018). The
recommendation for vegetable consumption for United States adults in the current dietary
guideline is 2-3 cups daily and is adjusted for people’s age and gender (Sanchez-Flack et al.,
2018). There are several policies and strategies in place to improve vegetable consumption, such
as the Dietary Guidelines for Americans, MyPlate, and the Supplemental Nutrition Assistance
Program (USDA, 2019). The USDA also supports the Fresh Fruit and Vegetable Program and
Farmers Market Program to provide fresh fruits, vegetables, and herbs to low-income
populations (USDA, 2019). However, the targeted amount has not been reached yet. Mobley et
al. (2014) indicated that the American population believe that they are consuming adequate
dietary fiber daily. This misrecognition leads to inadequate dietary fiber intake for American
people (Mobley et al., 2014). Glanz and Yaroch (2004) concluded that environmental strategies,
such as interventions in grocery stores and communities, should be studied more for an effective
approach to improve fruit and vegetable consumption. Strategies on how to increase dietary fiber
intake are part of ongoing research.
While Americans seem to consume much less than the recommended intake of dietary
fiber, Japanese people appear to have a more balanced diet. Typical Japanese dietary habits are
unique and healthy because people tend to consume more plant-based products than animal
products, such as meat and dairy products (Gabriel et al., 2018). However, the dietary pattern has
2

shifted toward Western-style types of meals (Nakaji et al., 2002). The typical American meal
does not include plant-based proteins such as tofu. The American population usually prefers to
have animal-based protein products such as beef and chicken (U.S. Department of Health and
Human Services [USDHHS]; USDA, 2015). Moreover, cooking methods in the United States
often include frying, which causes high calorie and fat consumption (USDHHS; USDA, 2015).
On the other hand, typical Japanese cooking methods are boiling and steaming. In addition to
their traditional dietary habits, recently more people in both countries are trying to follow healthy
diets, such as vegetarian or the Mediterranean diet.
The problem is that dietary fiber intake among the United States and Japanese adults does
not reach the targeted value. If the variety of vegetables in the market increases, people have
more choices and may purchase more vegetables and consume more dietary fiber as a result. In
addition, it may also reduce obesity and promote a healthy body composition. Focusing on food
diversity, specifically in vegetables, is a good opportunity to revise or improve lifestyles. In
addition, the results of this study may lead to building a new plan/policy to increase amounts of
vegetable consumption through food diversity in markets. Therefore, this study was designed to
examine and compare numbers of types of vegetables in the United States and Japanese markets
and identify whether the variety relates to vegetable consumption and body composition or
obesity.
For the purpose of this study, the following was hypothesized:
1. Japanese people consume more green leafy vegetables in contrast to starchyvegetables, such as potatoes, than Americans due to the traditional Japanese style of
cuisine (Nakaji et al., 2002).
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2. Food diversity in Japanese markets is higher compared to American markets due to
traditional Japanese cuisine (Nakaji et al., 2002).

4

CHAPTER II
LITERATURE REVIEW
This review of the literature provides a summary of the existing research focused on past
trends of vegetable consumption and monitoring of individual dietary fiber intake in the United
States and Japan. In addition, the trend of the rate of obesity in each country was reviewed based
on previous research and published data. Considering food diversity, specifically a variety of
vegetables, was essential to emphasize the impact of variation on vegetable consumption, fiber
level, and obesity rate. In each section, the literature review compares the details of articles and
national survey data between the United States and Japan. Furthermore, national nutrition survey
resources in the United States and Japan were reviewed to utilize this study.
The Trend of Japanese Dietary Pattern
In this section, the traditional style of Japanese meal was reviewed. The traditional
Japanese cuisine is also called “Washoku”; “Wa” means Japanese and "shoku" means meals
(Gabriel et al., 2018). Usually, there is one bowl of rice, one main dish, two or three side dishes,
and one soup as a set. Figure 2.1 shows an example of a Japanese meal. People also consume
noodles as well as cooked rice as a main meal. There are many recipes for soup and side dishes;
therefore, Japanese people can mix any ingredients, such as vegetables, wild plants, mushrooms,
seaweed, shellfish, etc., to make up their meals. People often have soup as an easy way to
consume vegetables because the cooking method reduces volume. The main dish contains
protein products, mainly fish and seafood, and soybeans products. Washoku presents a variety of
5

flavor, taste, smell, texture, and visual expression. Steaming, boiling, and stewing are primary
forms of food preparation for Washoku. Therefore, the traditional Japanese cuisine is represented
as a variety of foods, small portion sizes, several types of side dishes, and a healthy cooking
method which relates to low energy intake. Gabriel et al. (2018) indicated that multiple food
varieties affect food consumption and prevent overeating. However, the researchers mentioned
that the Japanese population has decreased the number of traditional meals eaten in the last 40
years (Gabriel et al., 2018). Now Japanese are more likely to skip breakfast, decrease vegetable
consumption, and increase their consumption of meat, eggs, milk, and dairy products (Gabriel et
al., 2018). The factors involved in the change of Japanese healthy eating habits include
environmental and ecological. Recently, the traditional cuisine has been shifted to more refined
sugars, fats, and alcohol as well as animal-based products such as meat and dairy products
(Gabriel et al., 2018).
Even though the Japanese traditional dietary habits have changed, some articles were
specifically reviewed to identify when and how much dietary fiber intake has declined. As
Gabriel et al. (2018) mentioned Japanese people have a long history of eating a wide variety of
vegetables. The traditional Japanese meal was characterized by various fresh and seasonal
products and balanced nutrition (Suzuki et al., 2013). For example, people used to consume
abundant amounts of fish, seaweed, vegetables, soybean products, fruits, and green tea (Niu et
al., 2015). These traditional foods are high in dietary fiber, minerals, vitamins, flavonoids,
polyunsaturated fatty acids, and phytochemicals in addition to being low in calories (Niu et al.,
2015).
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According to the Japanese Association for Dietary Fiber Research, the Japanese
government analyzes dietary fiber by mainly the Prosky method and high-performance liquid
chromatography (HPLC) (Japanese Association for Dietary Fiber Research, 2015). The Procky
method is based on the Association of Official Agricultural Chemists (AOAC) 985.29 and
991.43 (Japanese Association for Dietary Fiber Research, 2015). The Standard Tables of Food
Composition 2015 in Japan was established by the Ministry of Education, Culture, Sports,
Science and Technology (Ministry of Education, Culture, Sports, Science and Technology,
2015). The resource are used in NHNS to assess dietary nutrient intake (MHLW, 2017). In the
United States, USDA analyzes dietary fiber intake by AOAC 991.43, and total dietary fiber is
measured by a single enzyme-gravimetric method (Li et al., 2002). AOAC 985.29 and 991.43
were the official methodologies worldwide to analyze dietary fiber in food until approximately
2005 (Macagnan et al., 2016). However, these methods are invalid to measure a new categorized
dietary fiber, such as inulin (Macagnan et al., 2016). In 2008, a new dietary fiber assay was
introduced by the Codex Alimentarius Commission (Macagnan et al., 2016).
Suzuki et al. (2013) indicated that the Japanese dietary pattern is associated with
moderate obesity rates and high longevity. The mean dietary fiber intake in 1952 was 20.5 g/day,
and in 1970, the value rapidly decreased. Nakaji et al. (2002) indicated that the reduced trend in
fiber intake was mainly due to a decrease in intakes of rice and beans. Nakaji et al. (2002)
reported that Japanese people consumed 15-18 g/day of dietary fiber, which is similar as reported
in most Western countries (Nakaji et al., 2002). Western-style dishes include more meat and
fewer vegetables compared to the traditional Japanese diet (Nakaji et al., 2002). More
specifically, the Westernized diet is represented by high consumption of red and processed
7

meats, dairy products, refined grains, and empty calories such as sugar and alcohol (Zhang et al.,
2015). At the same time, Western-style meals include a low consumption of fruit, vegetables,
whole grain, and fish (Zhang et al., 2015). In Japan, a decrease of 20-30 % of dietary fiber
consumption was observed over the last 30 years (Nakaji et al., 2002). From 1970 to 1998,
dietary fiber intake slightly declined, but the researchers predicted that total dietary fiber intake
would decrease even more in the future (Nakaji et al., 2002). The Japanese younger generation
also tended to significantly reduce their dietary fiber intake (Nakaji et al., 2002).
Shimazu et al. (2007) used the food frequency questionnaire and showed that the
traditional Japanese diet was characterized by high sodium intake and low animal fat and protein
intakes. Nevertheless, over the past 40 years, Japanese people tended to consume more fruits,
dairy products, and meat (Shimazu et al., 2007). Older adults were more likely to consume more
traditional Japanese meals, while the younger population and males tended to have a higher
consumption of animal-based food (Shimazu et al., 2007). According to the National Health and
Nutrition Survey (NHNS) in Japan, Murakami et al. (2018) investigated the trends in dietary
habits among Japanese citizens 20 years and older between 2003 and 2015. From 1960 to 2005,
the national data showed that Japanese people were more likely to increase meat/poultry and
fats/oils and decrease rice consumption; however, intakes of vegetables, fruits, and fish/shellfish
remained stable (Murakami et al., 2018). Recent Japanese diets tended to be low in whole grains,
processed meats, nuts, and soft drinks while high in refined grains (Murakami et al., 2018). Even
though Shimazu et al. (2007) mentioned the trend of dietary habits among older adults in 2007,
their dietary patterns were shifted. While the trend of plant-based product consumption was
decreased among older people who are over 50 years old, the trends of animal food, oils, and
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refined grains product consumptions were increased (Murakami et al., 2018). However, all age
groups increased animal meat product consumption; therefore, the researchers suggested there is
a trend toward continuous Westernization of Japanese dietary habits (Murakami et al., 2018).
The Trend of American Dietary Pattern
Heller and Hackler (1978) investigated the trend of the American diet and changes in
fiber consumption, which indicated that the incidence of chronic disease in the past decades was
associated with decreased fiber consumption. From 1800 to 1974, fiber consumption by
American people declined by 37 % (Heller & Hackler, 1978). People increased the consumption
of fruits and vegetables by 20 % while they reduced the intake of cereal products by 90 %
(Heller & Hackler, 1978). Specifically, American citizens’ consumption of cereals, potatoes,
fruits, and legumes declined while vegetable consumption remained stable during that period
(Heller & Hackler, 1978). In addition, they were more likely to have simple carbohydrate
products instead of whole-grain products (Heller & Hackler, 1978). From their study, the
researchers could hypothesize that the trend of dietary fiber intake has declined while the
incidence of chronic diseases has increased (Heller & Hackler, 1978).
From 1974 to 2010, the American dietary pattern significantly changed due to several
factors including climate change and dietary changes (De et al., 2014). According to the previous
National Health and Nutrition Examination database, De et al. (2014) compared daily food
consumption between 1976 and 2010. People increased 25 % of energy consumption, 31 % of fat
intake, 10 % of protein intake, and 12 % of fruit and vegetable consumption while dairy product
consumption was maintained over the past 40 years (De et al., 2014). Dark green vegetable
consumption rapidly increased from 0.023 to 0.219 cups/day (De et al., 2014). However, the
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number of fruits and vegetables were still not enough to reach the USDA recommendation of 0.7
to 0.84 cups/day (De et al., 2014).
Another factor which affected the American diet was due to the shift from home-made
meals to prepared food away from home. During the 20th century, the trend of American diet
habits increasingly changed from home preparation to eating out (Guthrie et al., 2002). Even
eating at home, people were more likely to consume take-out products, such as fast food,
delivery meals from a restaurant, or other processed food. According to Guthrie et al. (2002), the
amount of spending money for eating out was 47.5 % of total spending money per household.
This change was affected by social change such as improved women’s social status or social
environment, an increase of two-earner households, both parents’ income, and a decrease of
household size (Guthrie et al., 2002). Because of easy preparation, the person in each household
responsible for food preparation was more likely to utilize processed products (Guthrie et al.,
2002). While there were some benefits, the nutritional value was worse due to the manufacturing
process (Guthrie et al., 2002). According to the 1977-1978 data from USDA’s Nationwide Food
Consumption Survey, people who consumed food prepared away from home tended to have high
fat intake and a lack of calcium and several vitamins (Guthrie et al., 2002). Women who
consumed convenience food were more likely to have higher fat intake than women who usually
cooked at home (Guthrie et al., 2002).
Through the National Eating Trends database from 2011 to 2013, Comerford (2015)
investigated the relationship between canned products frequency and nutrient intake and food
consumption. The data indicated that 80 % of American people consumed at least one canned
product per two weeks (Comerford, 2015). This researcher showed canned foods consumption
10

contributed to more nutrient-dense foods consumption, such as fruits, vegetables, and dairy
products (Comerford, 2015). For example, frequent canned food consumers obtained 3 grams
more fiber than people who infrequently consumed canned food. The result indicated that the
availability to purchase both fresh and canned products could be helpful to give people more
options. Moreover, it would improve nutrient intakes and diet quality in the United States
(Comerford, 2015).
In summary, both countries do not reach their recommended dietary fiber intakes.
Moreover, their traditional diets and eating habits have changed in the past years. In the past,
American and Japanese people consumed natural sources based on plants, but recently, people in
both countries prefer animal products and convenience meals. The typical American meal is
lower in vitamins, minerals, and fiber than the healthy meals that the USDA recommends
(USDHHS; USDA, 2015). In addition, American people tend to eat more animal proteins, added
sugars, saturated fats, and sodium than the recommended targeted food consumption (USDHHS;
USDA, 2015). In Japan, people used to consume a high intake of vegetables, but due to
Westernized diet habits, they tend to decrease vegetable and fish consumption (Gabriel et al.,
2018; Nakaji et al., 2002).
Effect of Food Diversity
Food diversity is one of the essential factors in choosing and consuming foods when
people go to a grocery store or have a meal. The variety of food also affects people’s nutrient
intake and can improve the quality of meals. Both countries have dietary guidelines to suggest
how much they need to consume daily. The USDA suggests using "MyPlate" to reach the
recommended target intakes per day (Meengs et al., 2012). As well as the United States, the
11

Japanese government emphasizes the Guideline for Health Promotion to consume adequate
nutrient intakes (Kobayashi et al., 2013). According to the literature review, several effects of
food diversity were found. Shifting from higher calorie foods to fruits and vegetables leads to
effective healthy weight management (Sanchez-Flack et al., 2018). A high intake of fruits and
vegetables is necessary for healthy dietary meals, such as low energy consumption and for
weight management or to lose weight (Schroder, 2010). Schroder (2010) indicated vegetable
consumption s associated with weight loss or maintaining healthy body weight. Individuals with
high intakes of dietary fiber appeared to be at lower risk for developing obesity, diabetes, stroke,
and certain gastrointestinal diseases (Roark & Niederhauser, 2012).
Variety affects overall food choices, menu planning, nutrient intake, specifically energy
consumption, and even dietary quality (Raynor & Vadiveloo, 2018). The United States
government also suggested that food diversity is an essential factor of United States dietary
guidelines (Raynor & Vadiveloo, 2018). The previous purpose of food diversity was to
adequately reach all nutrient intakes, to prevent any nutrient deficiencies and diseases, and to
avoid excessive consumption of certain food groups. Therefore, food diversity was characterized
by multiple food groups such as fruits, vegetables, grains, and other food groups. However,
Raynor and Vadiveloo (2018) mentioned that variety and energy balance are significantly linked
to each other. The variety of energy-dense food is associated with overconsumption, excessive
energy intake, and obesity. Thus, the researchers reviewed the effect of dietary variety in highenergy-dense foods and low-energy-dense foods. While people choosing a type of high-energydense food significantly increased energy intake, people selecting a variety of low-energy-dense
foods were not significantly increasing energy consumption (Raynor & Vadiveloo, 2018).
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Raynor and Vadiveloo (2018) mentioned that food diversity with high-energy-dense foods was
associated with high energy consumption and higher weight status. However, the variety with
low-energy-dense foods, which are chosen as healthy food diversity, was linked with higher
energy consumption as well, but lower excess weight and adipocyte tissues (Raynor &
Vadiveloo, 2018). The researchers concluded that food diversity should continue to be
investigated by several methodologies in the relationship with energy balance.
Meengs et al. (2012) emphasized that food diversity is essential for increasing vegetable
consumption in American adults. The previous study indicated that increased portion size of
vegetables provided with a meal affects high vegetable consumption (Meengs et al., 2012). The
researchers also suggested other options to increase vegetable intake, such as increased amounts
of chopped or pureed vegetables in diets (Meengs et al., 2012). However, a limitation of the
previous research was that people could quickly feel satiety and lose interest in eating the
vegetable when the participants consumed a large amount of a single type of vegetable (Meengs
et al., 2012). Therefore, Meengs et al. (2012) investigated the effects of the variety of vegetables
for its consumption. The research summarized that the variety and type of vegetables provided
led to increasing vegetable consumption, and energy intake was not affected by increased
vegetable intake when participants chose low energy-density vegetables, such as carrots (Meengs
et al., 2012). In addition, participants were more satisfied when eating a variety of vegetables in
their meals because of the enhanced flavor, visual expression, taste, and texture (Meengs et al.,
2012). Therefore, Meengs et al. (2012) concluded that increasing the variety of vegetables
available is essential to enhance vegetable consumption.
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The rate of obesity in Japan is lower than in other high-income countries (Kobayashi et
al., 2013). The trends of obesity in Japan have been stable for the past 10 years, according to the
NHNS (Kobayashi et al., 2013). In developing countries, the more variety of foods people
consumed, the better was their nutritional status (Kobayashi et al., 2013). Historically, Japanese
people were recommended to have 30 different foods per day through the Dietary Guidelines for
Health Promotion in 1985 (Kobayashi et al., 2013). However, in 2000, the Ministry of Health in
Japan took out the recommendation due to no evidence about the benefit of 30 different foods
consumed (Kobayashi et al., 2013). In addition, food diversity could affect an increase in obesity
rate while it could improve nutritional adequacy. Therefore, Kobayashi et al. (2013) investigated
whether the variety of food consumed affects obesity and nutrition status. The finding was that
overweight people tended to consume a lower variety of foods than the healthy weight group
(Kobayashi et al., 2013). Nevertheless, the researchers did not individually examine how many
items of each food group should be consumed and the correlation between each nutrient intake
and food diversity (Kobayashi et al., 2013). Their research has shown that a greater variety of
food leads to improved particular nutrient intakes and improved body mass index (BMI) values
(Kobayashi et al., 2013). Therefore, eating a wide range of food is vital to ensure adequate
nutrient intake (Kobayashi et al., 2013). Bucher et al. (2013) indicated that food diversity
influenced promoting meal components in adults. If there were two types of vegetables available
instead of one, participants tended to consume both of them without increased energy intake
(Bucher et al., 2013). Even among children, it was concluded that variety of choices was
effective in improving children’s vegetable intake as well as in adults (Bucher et al., 2013).
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The historical literature about food diversity focused on the effects of food diversity
within meals and on food selections. Sanchez-Flack et al. (2018) focused on the link between
vegetable consumption and types of supermarket stores among Hispanic groups in the United
States. Socioeconomic environment, such as price, marketing, and food quality and physical
factors such as transportation, affect dietary behaviors, including purchasing decisions and
nutrient intakes (Sanchez-Flack et al., 2018). Sanchez-Flack et al. (2018) investigated the
association between fruit and vegetable consumption and different types of food markets,
convenience stores, and supermarket/grocery stores among Hispanic adults in the United States.
The United States Hispanic adults who only shop at convenience stores consumed significantly
lower amounts of vegetables than those who usually bought products in supermarkets or grocery
stores (M: 2.0 cup, SE: 0.11, p = 0.007) (Sanchez-Flack et al., 2018). However, people who
shopped only at supermarkets or grocery stores had the lowest intake of vegetables among those
categories of various food stores (M: 1.4, SE: 0.05) (Sanchez-Flack et al., 2018). This result
might fit other racial groups as well. The researchers mentioned that Hispanics’ shopping places
and purchasing patterns are almost the same as other consumers in the United States (SanchezFlack et al., 2018). American customer data via the Food Marketing Institute reports that United
States customers tend to go to various food stores to buy groceries (Sanchez-Flack et al., 2018).
Food culture between races is different, but the places where people buy their food are almost the
same (Sanchez-Flack et al., 2018). Therefore, Sanchez-Flack et al. (2018) concluded that
customers who purchase from multiple food stores, including grocery stores and conveniences
stores, were more likely to consume fruits and vegetables. Although there are no specific ethnic
groups in Japan such as Caucasian, African American, and Hispanic, Jackson, Mississippi
15

includes a Hispanic population of 1.14 % (The City of Jackson, 2019). Even though the
percentage of the Hispanic population is small, it contributes to the Jackson ethnic groups
because Sanchez-Flack et al. (2018) identified that food shopping behaviors have been similar
between Hispanic groups and other ethnic groups.
In summary, more variety of vegetables could affect vegetable consumption. Moreover, if
there are more choices of vegetables in markets, people could buy more vegetables which could
lead to consuming more dietary fiber. However, there is little research focusing on food markets
and its variety as a strategy to improve vegetable consumption. Both countries have not reached
their recommendations for vegetable consumption and dietary fiber intake. Multiple approaches
affect the population’s dietary consumption, such as environmental, economic, and dietary
behaviors. In this research, Japanese and United States data were available to access online and
compare both national surveys.
Trend of Obesity in the United States and Japan
Excessive energy consumption is a considerable factor related to increased risk of
overweight and obesity. Overweight and obesity are major risk factors for chronic disease
morbidity and premature mortality (Hruby & Hu, 2014). Being overweight and obese is an issue
in both countries, and governments have not been able to improve the rate of obesity yet (Hruby
& Hu, 2014). The prediction of the rate of being overweight or obese is over 85 % of adults in
the United States by 2030. The rate of overweight or obese among United States adults increased
over the past 50 years, due to environmental and economic changes (Hruby & Hu, 2014). From
1960 to 1994, while the rate of overweight and obesity were constant (around 31 %), the
prevalence of obesity adjusted for age increased from 13 % to 23 % (Hruby & Hu, 2014). Over
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half of the American people are overweight or obese (Hruby & Hu, 2014). Since 2003-2004, the
rate of obesity among United States adults was significantly increasing to 32 %, but from 2004 to
2014, the prevalence of obesity was stable around 35 % (Hruby & Hu, 2014).
Overweight and obesity are determined by BMI. The equation used to calculate BMI was
weight (kg)/height (m2) (Hales et al., 2018). In the United States, overweight is defined as
BMI≥25 kg/m2, and obesity is defined as BMI≥30 kg/m2 (Matsushita et al., 2008). However, in
NHNS, the investigators used a BMI classification system of underweight: <18.4 kg/m2, healthy
weight: 18.5-24.9 kg/m2, and obese: ≥25 kg/m2 (MHLW, 2017). These criteria are based on the
BMI standard classification from Japan’s Society for the Study of Obesity (MHLW, 2017).
According to the latest NHNS, in November 2017 approximately 61,000 households involving
151,000 citizens were randomly selected for the survey. Means of body weight for over 20-yearold males and females were 67 kg (147.4 lb) and 53.6 kg (117.9 lb) (MHLW, 2017). The mean
BMI for individuals age 20+ in the Japanese population was 23.8 kg/m2 for males and 22.6
kg/m2 for females (MHLW, 2017). The prevalence of being overweight (BMI≥25 kg/m2) in 2017
in Japan was 30.7 % for males and 21.9 % for females, and the prevalence of being obese
(BMI≥30 kg/m2) among individuals age 20+ in Japan was 4.4 % (male: 4.7 %, female: 4.1 %)
(MHLW, 2017). BMI prevalence was highest in the 40-49 years age group for males, and the
70+ years age group for females in Japan (MHLW, 2017). The prevalence of being obese has not
significantly changed for either gender group in the past 10 years (MHLW, 2017).
According to the Centers for Disease Control and Prevention (CDC), the latest rate of
obesity (BMI≥30) in the United States is 39.8 % (males: 38.1 %, females: 41.2 %). The average
weight among males was 197.8 lb (89.9 kg), and the mean weight among females was 170.5 lb
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(77.5 kg) (CDC, 2018). Approximately 93.3 million Americans over the age of 20 years were
considered obese in 2015 and 2016 according to NHANES (CDC, 2018). While the rate of being
overweight has slightly decreased, the prevalence of obesity has increased for both gender
groups. Overall, the prevalence of unhealthy weight is still growing. In Mississippi, over 35 % of
the population is obese (CDC, 2018). 71.6 % of adults aged 20+ years were overweight or obese
in 2015-2016; that is, Mississippians had a higher rate of overweight and obesity than the United
States national average.
The trend of being overweight or obese by gender from 1960 to 2010 according to the
CDC is presented in Figure 2.2. Flegal et al. (2016) examined the trend of obesity and severe
obesity in adults adjusted by gender, age, race, etc. in the United States from 2005 to 2014. The
researchers utilized data from the National Health and Nutrition Examination Survey (NHANES)
to analyze BMI among the American population. In 2013-2014, the total adjusted prevalence of
obesity by age was 37.7 %, specifically the obese male rate was 35 %, and the female rate was
40.4 % (Flegal et al., 2016). The prevalence of severe obesity classified as level 3 obesity was at
7.7 %, which was 5.5 % for males and 9.9 % for females (Flegal et al., 2016). Overall, Flegal et
al. (2016) concluded that American females’ obesity rate has been increasing for the past ten
years, while the prevalence of male obesity was not significantly increased. Hales et al. (2018)
investigated the prevalence of obesity and severe obesity in 2015-2016 compared to 2007-2008
by NHANES. The researchers indicated that American adults over 20 years of age were more
likely to become obese from 33.7 % in 2007-2008 to 39.6 % in 2015-2016 (Hales et al., 2018).
The rate of severe obesity among United States adults also climbed from 5.7 % to 7.7 % (Hales
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et al., 2018). Most recent data showed the prevalence of obesity and severe obesity had been
slightly increasing as well (Hales et al., 2018).
Japanese overweight and obesity rates have been changing in past decades (Figure 2.3).
Matsushita et al. (2008) utilized a prospective cohort study to investigate the trend of being
overweight or obese by the data from the Japan Public Health Center. The researchers followed
the prevalence of being overweight or obese for 10 years to identify longitudinal changes in BMI
(Matsushita et al., 2008). The trend of BMI was more likely to increase for both genders aged 40
to 49, while over 50 years old population had a decrease in BMI rate (Matsushita et al., 2008).
During a ten year prospective study, the trend of being overweight or obese increased for both
genders, specifically among the population of adults aged 40-44 years (Matsushita et al., 2008).
The rate of overweight in 40-44 years old male group was 25 % at the beginning year to 29.4 %
at tenth year (p<0.0001) (Matsushita et al., 2008). In addition, the prevalence of being
overweight among the same aged female group was 19.9 % to 25.3 % (p<0.0001). However, the
aged 50-59 female group had a decrease in the rate of overweight and obesity during the ten-year
follow-up (Matsushita et al., 2008). Overall, groups of those over 50 years old tended to have a
decrease in the rate of being overweight (Matsushita et al., 2008). However, a younger age, 4049 years old, group had a significantly increased overweight status among both genders’
population in Japan (Matsushita et al., 2008). The trend of being obese in Japan, 2.2-6.8 %, was
much lower than the rate of obesity in the United States, which is 30.0 % (Matsushita et al.,
2008).
Nishi (2015) reviewed the trend of being overweight or obese in Japan by comparing the
NHNS and Healthy Japan 21. Healthy Japan 21 is a project established by the Ministry of Health
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and Welfare to encourage a change in lifestyle among the Japanese population to lose weight
(Nishi, 2015). The researcher indicated the prevalence of being overweight for males over 20
years of age was increasing while being overweight for female adults was decreasing (Nishi,
2015). Nishi (2015) indicated that male population aged 40 to 49 and female adults aged 70 to 79
had the highest rates of being overweight in Japan in 2011. For the Japanese male population, all
age groups significantly increased the prevalence of being overweight (Nishi, 2015). Younger
adult males aged 20-29 had gradually increased the rate of being overweight from 1980 to 2010;
however, since 1990, the trend has become stable (Nishi, 2015). The pattern of overweight
Japanese females has also slightly increased (Nishi, 2015). Overall, the prevalence of being
overweight is still a problem, but the speed is not significantly increasing.
Although BMI is typically used to assess the prevalence of overweight and obesity, some
researchers have indicated that waist-to-height ratio is more accurate and useful than BMI to
identify health risks (Aristizabal et al., 2019; Liu et al., 2016). Aristizabal et al. (2019) examined
a difference in anthropometric measurements between waist-to-height ratio, BMI, and waist
circumference. The study involved 346 young people to identify adolescents with
cardiometabolic risk factors (Aristizabal et al., 2019). Aristizabal et al. (2019) concluded there
were no differences among these three measurements. However, waist-to-height ratio could
contribute to an alternative physical examination for identifying health risk factors (Aristizabal et
al., 2019). Liu et al. (2016) also compared the utility of waist-to-height ratio compared with body
roundness and body shape. The researchers investigated these three factors to identify metabolic
risk factors and studied 1,596 non-obese adults (Liu et al., 2016). Liu et al. (2016) also indicated
that body roundness and waist-to-height ratio are simple and useful indicators to assess
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cardiometabolic risk factors. Therefore, waist-to-height ratio could contribute to developing a
new anthropometric measurement to assess some health risk factors (Aristizabal et al., 2019; Liu
et al., 2016).
NHANES and NHNS Data Source
NHANES for the United States population and NHNS for Japanese population were
utilized to identify each population’s vegetable consumption and dietary fiber intake level
(Nakaji et al., 2002; Sanchez-Flack et al., 2018). NHANES was established to assess the health
and nutritional status among the United States population every five years (Sanchez-Flack et al.,
2018). The survey started in the early 1960s and has completed a continuous examination,
focusing on health problems, as well as cultural, environmental, and economic factors (SanchezFlack et al., 2018). NHANES is conducted every five years and involves 5,000 American
citizens yearly to obtain data in all 50 states (Sanchez-Flack et al., 2018; USDA, Agricultural
Research Service [ARS], 2018). NHANES and NHNS are conducted to assess the health and
nutritional status of each population (NHNS, 2017; USDA, ARS, 2018). The surveys are
composed of interviews and physical exams (NHNS, 2017; USDA, ARS, 2018). Nakaji et al.
(2002) utilized NHNS to identify dietary fiber intake among the Japanese population. In
addition, Murakami et al. (2018) examined trends of Japanese dietary patterns among Japanese
adults according to NHNS. In the United States, Sanchez-Flack et al. (2018) identified the
association between food shopping patterns and fruit and vegetable intake among Hispanic
groups using NHANES. De et al. (2014) also used NHANES to assess trends of American
dietary patterns. Therefore, NHANES and NHNS are considered reliable sources for each
population’s data, and most researchers use NHANES and NHNS to assess a population’s health
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status (De et al., 2014; Murakami et al., 2018; Nakaji et al., 2002; Sanchez-Flack et al., 2018).
NHANES is a health status indicator for the American population (Sanchez-Flack et al., 2018).
The National Nutrition Survey of Japan was analyzed and interpreted based on vegetable
variety and vegetable consumption among the Japanese population (Nakaji, et al., 2002). In
Japan, the National Nutrition Survey has been conducted since 1946 to identify Japanese
citizens’ nutrition and health status (Yoshiike et al, 1996). NHANES can provide a broad
perspective on the American population’s health and nutrition (CDC, 2018). NHHSs have been
reported yearly since 1946 (Nakaji et al., 2002). A dietitian performs the survey methods and
procedures with the household or whoever usually prepares meals for the family (Nakaji et al.,
2002). The responsible person in each household weighs and records what they consume, such as
each ingredient of meals, portion size, any food left uneaten, and any food eaten outside the
home (Nakaji et al., 2002). The average values for dietary intake are given per capita. The
sample of NHHS is selected randomly by the Japanese government, where it is the Ministry of
Health and Welfare. The sample size is about 15,000 persons in 150 regions (Nakaji et al., 2002).
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Figure 2.1

An example of the traditional Japanese diet

There is typically one bowl of cooked rice, a main dish, two or three side dishes, and one soup
(Gabriel et al., 2018).
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Figure 2.2

The trend of the prevalence of overweight, obesity, and extreme obesity in the
United States and Japan

The trend of overweight, obesity, and extreme obesity among the United States males and
females aged 20 years+ from 1960 to 2014 (CDC, 2018).
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Male

Figure 2.3

Female

The trend of overweight including obesity (BMI≧25 kg/m2) among adults in Japan

The trend of overweight including obesity (BMI≧25 kg/m2) among adults in Japan (MHLW,
2017).
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CHAPTER III
METHODOLOGY
The primary objective of this study was to identify the relationship between the variety of
vegetables available in markets and vegetable consumption in the United States and Japan. The
second objective was to compare dietary fiber intake and obesity rates of the population in each
country. The third objective was to compare vegetable variety, vegetable consumption, and
obesity rates in each country. This study is a cross-sectional study, identifying the relationship
between vegetable variety and vegetable consumption, fiber consumption and obesity, and
vegetable variety and obesity in Japan and the United States. Online resources were utilized to
collect data. Governmental surveys, such as NHANES, NHS, and CDC data, were used to
analyze food consumption and the prevalence of overweight and obesity among each population.
Data Collection for Vegetable and Dietary Fiber Intake and Rates of Obesity
The researcher examined types of vegetables in American and Japanese markets in
January 2018 and described the relationship between the variety of vegetables and vegetable
consumption. The researcher accessed the Ministry of Health and Welfare’s website to obtain the
latest data from NHNS on Japanese vegetable consumption, dietary fiber intake, and the
prevalence of overweight and obesity in Japan. Data for vegetable consumption, dietary fiber
intake, and rates of overweight and obesity in the United States were based on summarized
documents available from CDC and NHANES. The most recent data available from NHANES
and NHNS for American and Japanese populations was used to assess vegetable consumption
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and dietary fiber intake. Rates of overweight and obesity, excluded those under 20 years of age
in both countries.
Geographic Information
Jackson, Mississippi, United States, and Kamakura, Kanagawa, Japan were selected to
obtain a variety of vegetable availabilities in the market. Jackson is the capital city in
Mississippi, and there are several food stores to obtain data. The state of Mississippi has the
highest prevalence of overweight and obesity in the United States (State of Obesity, 2018).
Jackson was selected in this study to identify a point of prevention for an increase in the obesity
rate. Kamakura was selected by the following characteristics: presence of multiple food stores,
similar population size, similar percentage of gender and age groups, and geographical location
close to river, ocean, and mountains as Jackson.
Table 3.1 shows the summary of geographic information for each location. The state of
Mississippi has the second-highest obesity rate in the United States, and 37.3 % of adults are
obese (State of Obesity, 2018). In addition, Mississippi has one of the lowest vegetable
consumption rates of state residents in the United States. The state is located in the southern
region, which has a unique food culture, such as cornbread, fried catfish, etc. Jackson has several
types of significant food store chains, such as Walmart, Kroger, Wholefood markets, and Target,
where most people usually purchase food products. From the Jackson official website, according
to the United States Census in 2010, the population in the city of Jackson was 173,514, and the
number of households was 62,400. The population density was 1,562.5 people per square mile
(The City of Jackson, 2019). The Jackson City Government indicated that the average household
size was 2.61 and the average family size was 3.24. The percentages of people under 18 years
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old, 18 to 64, and over 65 years old was 28.5 %, 60.6 %, and 10.9 %, respectively (The City of
Jackson, 2019). The ratio of female to male was 100:81.5 (The City of Jackson, 2019).
Kamakura is located in the southern part of Kanagawa prefecture, and one of the popular
sightseeing locations in Japan. In October 2018, there were 172,306 citizens in Kamakura and
74,287 households per National Census (Kamakura City, 2019). The population density was
4,343.5 people per square kilometer, and the household size was 2.3 according to the census
(Kamakura City, 2019). The ratio of females to males was 100:88.8 (Kamakura City, 2019). The
percentages of under 15 years of age, from 15 to 64, and over 65 years of age were 11.7 %, 57.2
%, and 31.1 %, respectively (Kamakura City, 2019).
Vegetable Counting
While most literature utilized direct vegetable counting, this study used data from the
online market. Because the researcher was in the United States, and direct counting in the market
is not an accurate method, this study used the online market to obtain a variety of vegetable
information. For this study, the researcher defined the way to distinguish vegetable classification
from others to count them correctly. Vegetable categories were listed as fresh, frozen, and
canned vegetables, including potatoes, based on NHANES (USDHHS; USDA, 2015). Based on
USDA, the vegetable group includes dark-green vegetables, starchy vegetables, red and orange
vegetables, beans and peas, and other vegetables (Table A.1). Results included food assortment,
vegetable consumption, and current dietary fiber intake of the population in each country. The
NHNS does not add potatoes in the vegetable category related to dietary fiber intake because
they are classified as starch-vegetable category (Roark & Niederhauser, 2012). However, this
study included potatoes and legumes in the vegetable categories due to consistency with
NHANES (USDHHS; USDA, 2015).
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The number of vegetables available in markets was determined using online resources
from five markets around Jackson, Mississippi, and five markets around Kamakura, Japan. Only
supermarkets that had a website and listed products were included in this study. Supermarkets
without product lists or online shopping were excluded (Moding et al., 2018). Juices, vegetable
drinks, and salads which contained various types of vegetables were excluded due to providing a
variety of vegetables within one product (Moding et al., 2018). The retailers included Kroger,
Walmart Supercenter, Sam’s Club, Wholefoods Market, and Target in Jackson, Mississippi. The
comparable retailers in Japan were Ito Yokado, AEON , Seiyu, Tokyu Store, and LIFE in
Kamakura City, Kanagawa, Japan. These stores can be represented as the most popular stores
where people usually buy food in Japan. In order to have adequate resources and evidence to find
differences, a minimum of five different markets in each country were needed. Research shows
that American people tend to buy their groceries at multiple food stores rather than using one
store type as their primary food store (Sanchez-Flack et al., 2018). “Market” in this study
included both traditional grocery stores and non-traditional grocery stores to examine various
markets. Also, for consistency, almost the same sizes of supermarkets were selected. The state of
Mississippi has the lowest vegetable consumption in the United States (CDC, 2017). Only 5.5 %
of Mississippians reached their recommended vegetable intakes (CDC, 2017). The researcher
counted and listed each vegetable based on USDA Food Pattern Food Category through
American and Japanese market websites (Anesbury et al., 2018). Even though tomatoes are
usually classified in the fruit category in a botanical term, tomatoes were included in this study
(Anesbury et al., 2018). The United States government and much research utilize tomatoes in the
vegetable category based on their usage in cooking (Anesbury et al., 2018). First, all vegetable
products at markets were listed on Microsoft Word (Microsoft Corp., Redmond, WA) document
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and then the list excluded juice, salad, and vegetable sticks (Table A.2). Finally, it was organized
and numbered to identify how many vegetables are in each market (Appendix A).
Furthermore, the 2010 Dietary Guidelines for Americans promoted consumption of
canned products in addition to fresh and frozen foods to meet the recommended dietary intakes
(USDHHS; USDA, 2015). Therefore, the types of vegetables counted in the market included
frozen, canned, and pickled products as well as fresh vegetables.
Data Analysis
Descriptive statistics on characteristics of vegetable variabilities in each country were
utilized. The independent variable was the variety of vegetable, and the dependent variables were
vegetable consumption, dietary fiber intake, and the prevalence of overweight and obesity. Each
vegetable type was counted, and the mean and median were calculated to identify the average
and middle point scores (Moding et al., 2008). Chi-square tests, One-way ANOVA, and
independent t-tests were utilized in the data analysis process to detect differences between the
variables (Moding et al., 2008). An alpha level of p<0.05 was used for the statistical analysis.
The Statistical Package for Social Sciences was used for all analyses (IBM SPSS Statistics for
Windows, Version 26, 2019, Armonk, NY).
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Table 3.1

The summary of geographic information in the United States and Japan
Geographic Information

Location

Food Stores

Jackson, The United States

Kamakura, Japan

In the southern region of

In the southern part of

Mississippi

Kanagawa

Several types of significant

Presence of multiple food

food store chains:

stores: AEON, Ito Yokado,

Walmart, Kroger, and

and LIFE

Target
The Population

173,514 people

172,306 people

The average households

2.6

2.3

100:81.5

100:88.8

size
The ratio of female and
male
The percentage of age

Under 18 years old: 28.5 % Under 15 years old: 11.7 %

groups

Between 18-64 years old:

Between 15-64 years old:

60.6 %

57.2 %

Over 65 years old: 10.9 %

Over 31.1 %

The summary of geographic data in the United States and Japan (Kamakura City, 2019; The City
of Jackson, 2019)
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CHAPTER IV
RESULTS
The primary objective of this study was to identify the relationship between the variety of
vegetables available in markets and vegetable consumption in the United States and Japan. First,
the variety of vegetables in markets was measured through online resources in both countries.
Table 4.1 shows the summary of the variety of vegetables in markets in the United States and
Japan. In addition, Figure 4.1 shows the comparison of the mean variety of vegetables in markets
in the United States and Japan. The results for the variety of vegetables in each American market
was Sam’s Club: 46 products, Wholefoods market: 92 products, Target: 118 products, Kroger:
130 products, and Walmart: 136 products. On the other hand, the results for variety of vegetables
in each Japanese market were Ito Yokado: 133 products, AEON: 138 products, Seiyu: 104
products, LIFE: 105 products, and Tokyu Store: 121 products. The mean number of vegetable
products in the United States was 104.4 products (SD: ±36.8) and the mean number of vegetable
products in the Japanese markets was 120.2 products (SD: ±15.6). The median was 118 products
in the United States and 121 products in Japan.
In NHANES, each food group could not be represented by the same unit of what counts
as a cup or an ounce due to being examined in many different forms. For example, in fresh and
canned food products, there are differences such as which are more concentrated and airy or
contain more water. Based on USDA food patterns, dark green, red and orange, legumes, starch,
and other vegetables were classified as the vegetable group in NHANES (USDA, ARS, 2018). In
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addition, all fresh, frozen, and canned products were included (USDA, ARS, 2018). The most
popular vegetable was potato, and potatoes dominated vegetable consumption, which was 0.72
cups to 1.21 cups per day (CDC, 2017). Total vegetable consumption for adults over 20 years of
age was 1.55 cup equivalents in 2015 and 2016, with males averaging 1.63 cup equivalents and
females 1.48 cups equivalents (USDA, ARS, 2018). Vegetable consumption converted from
grams to cup equivalents was 244.5 grams for males and 222.0 grams for females in the United
States. Only 9.3 % of American adults consumed an adequate vegetable intake (recommended
vegetable consumption: 2-3 cups of vegetables per day) (CDC, 2017).
In Japan, the average daily vegetable consumption including dark green, red, and orange
vegetables was 288.2 grams (males: 295.4 grams, females: 281.9 grams) (MHLW, 2017).
Starchy vegetable consumption, including potatoes, sweet potatoes, yams, and others, was 52.8
grams (53.5 grams for males, 52.2 grams for females). The average consumption of mushrooms
and seaweeds was 28.8 grams, with 27.7 grams for males and 27.3 grams for females. Therefore,
total vegetable consumption adjusted to American criteria, including starchy vegetables,
mushrooms, and seaweeds, was 370.6 grams per day. The rate of people who reached the target
recommendation, 350 grams of vegetable consumption per day, was 32.3 % for males and 29.0
% for females. The lowest vegetable consumption was for groups aged 30-39 years (257.1
grams) for males and aged 20-29 years (218.4 grams) for females (MHLW, 2017).
The chi-square test for independence compared the variety of vegetables in markets with
vegetable consumption. Table 4.2 presents scores of the chi-square test comparing the variety of
vegetables and vegetable consumption. The chi-square test score was 2.00 (p = 0.157). The result
cannot reject the null hypothesis. Therefore, there is no evidence to indicate a significant
relationship between the variety of vegetables in markets and vegetable consumption between
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the United States and Japan. An independent t-test was conducted to identify a difference in the
variety of vegetables in markets between Japan and the United States. The score of independent
t-test was -0.885 (p = 0.402). Thus, there was also no significant difference in the variety of
vegetables in markets between Japan and the United States. Between genders, there was no
difference in vegetable consumption as well (p = 0.868).
The secondary objective was to compare dietary fiber intake and obesity rates of the
population in each country. Table 4.3 shows a summary of data for the United States and Japan.
One-way ANOVA was used to identify the difference in the rates of overweight and obesity
between the United States and Japan. While the p value of the prevalence of being overweight
was 0.273, which was not significant, the p value of the obesity rate was 0.002, which indicated
that the obesity rate of Japan was significantly lower than the United States (Table 4.4). Between
genders, there were no significant differences in the rate of overweight (p = 0.318) and obesity (p
= 0.965) by independent t-test.
According to NHANES in 2015-2016, the average daily dietary fiber intake in the United
States was 17.3 grams per day (males: 18.9 grams, females: 15.7 grams) (USDA, ARS, 2018).
The means of energy consumption in the United States were 2,459 kcal for males and 1,810 kcal
for females. The ratios of dietary fiber intakes and energy consumption in the United States were
7.7 grams/1,000 kcal for males and 8.7 grams/1,000 kcal for females. In Japan, the average
dietary fiber intake for individuals over age 20 years was 15 grams; 14.8 grams for females and
15.2 grams for males in Japan (MHLW, 2017). The average energy intakes were 2,134 kcal for
male and 1,720 kcal for female in Japan (MHLW, 2017). Therefore, the ratios of dietary fiber
intakes and total energy intakes were 7.2 grams/1,000 kcal for male and 8.6 grams/1,000 kcal for
male. There was no difference in dietary fiber intake between genders (p = 0.444) according to
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an independent t-test. Figure 4.2 shows trends of dietary fiber intake among adults aged 20 and
over, both male and female, between the United States and Japan.
The third objective was to compare vegetable variety, vegetable consumption, and
obesity rates in each country. Table 4.3 shows a summary of each country’s BMI, the prevalence
of overweight and obesity, dietary fiber intake, and vegetable consumption. While Japanese
adults have a higher vegetable consumption than American people, the means for dietary fiber
intake were similar. An independent t-test was conducted to identify differences in vegetable
consumption between the United States and Japan. There was a significant difference in
vegetable consumption between the United States and Japan (p = 0.009) (Table 4.5). The
prevalence of being overweight and obese among the United States population was much higher
than the Japanese population. Figure 4.3 shows trends of adults who have a BMI over 25, aged
20 and over, and among males and females in the United States and Japan. Only the rate of
female obesity was increased from 2015 to 2017, while the other rates were stable (CDC, 2018;
MHLW, 2017). While there was not a significant relationship, Japanese markets appeared to
have more vegetable diversity than United States markets.

35

Table 4.1

The summary of variety of vegetables in markets in the United States and Japan
The United States Market

Japanese Market

Sam’s Club

46

Seiyu

104

Whole food Market

92

LIFE

105

Target

118

Tokyu

121

Kroger

130

Ito Yokado

133

Walmart

136

AEON

138

MEAN (SD)

104.4 (±36.8)

MEAN (SD)

120.2 (±15.6)

The United States Markets included Sam’s Club, Wholefood Market, Target, Kroger, and
Walmart. The Japanese Markets included Seiyu, LIFE, Tokyu Store, Ito Yokado, and AEON.
The mean of variety of vegetable in American markets was 104.4 products. The mean of variety
of vegetable in Japanese markets was 120.2 products.

Figure 4.1

The difference mean variety of vegetables in markets in the United States and
Japan

The difference in mean variety of vegetables in markets in the United States and Japan. The
mean of vegetable products in the United States was 104.4 (±36.8). The mean of vegetable
available in Japan was 120.2 (±15.6) products.
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Table 4.2

Scores of Chi-square test
Chi-Square Tests
Value

df

Asymptotic
Significance
(2-sided)

Pearson Chi-Square

2.000a

1

.157

Continuity Correctionb

.000

1

1.000

Likelihood Ratio

2.773

1

.096

Fisher's Exact Test
Linear-by-Linear
Association

1.000

N of Valid Cases

2

1

Exact Sig.
(2-sided)

Exact Sig.
(1-sided)

1.000

.500

.317

The result of Chi-Square test was run according to SPSS.
a. 4 cells (100.0%) have expected count less than 5. The minimum expected count is .50.
b. Computed only for a 2x2 table.
Table 4.3

Summary of data of each country, the United States and Japan
United States

The prevalence of

Japan

Male

Female

Male

Female

36.9 %

26.6 %

26.0 %

17.8 %

overweight
(25≤BMI<30 kg/m2)
The table shows the summary of data of each country, the United States and Japan: the
prevalence of overweight and obesity (CDC, 2018; NHNS, 2017) and dietary fiber intake and
vegetable consumption (NHNS, 2017; USDA, ARS, 2018).
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Table 4.3 (continued)
The prevalence of

38.1 %

41.2 %

4.7 %

4.1 %

75.0 %

77.8 %

30.7 %

21.9 %

Dietary fiber intake

18.9 g

15.7 g

15.2 g

14.8 g

Vegetable consumption

244.5 g

222.0 g

378.2 g

364.0 g

(1.63 cup)

(1.48 cup)

(2.52 cup)

(2.43 cup)

obesity (BMI≥30 kg/m2)
The prevalence of
overweight and obesity
(BMI≥25 kg/m2)

(Cup equivalents)

The table shows the summary of data of each country, the United States and Japan: the
prevalence of overweight and obesity (CDC, 2018; NHNS, 2017) and dietary fiber intake and
vegetable consumption (NHNS, 2017; USDA, ARS, 2018).
Table 4.4

One-way ANOVA of the obesity rate between the United States and Japan
ANOVA
Obesity Rate
Sum of

df

Mean

Squares
Between

F

Sig.

498.521

.002

Square

1242.563

1

1242.563

4.985

2

2.493

1247.548

3

Groups
Within Groups
Total

The table shows One-way ANOVA to identify a difference in the obesity rate between the
United States and Japan.
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Means of Dietary Fiber Intake (grams)

Trends of Dietary Fiber Intakes among adults in the
Uniteds States and Japa : aged 20 and over, male and
female

Figure 4.2
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5
0

2009-2010

2011-2012

2013-2014

2015-2016

US male

17.1

20.3

18.8

18.9

US female

15.5

16.1

15.4

15.7

JP male

14.9

15.1

15.1

15.2

JP female

14.3

14.5

14.4

14.8

Trends of dietary fiber intake among adults aged 20 and over, both male and
female, between the United States and Japan

Trends of dietary fiber intake among adults aged 20 and over, both male and female, between the
United States and Japan (NHNS, 2017; USDA, ARS, 2018). There was a significant difference
in dietary fiber intake between the United States and Japan.
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Table 4.5

Independent t-test of vegetable consumption between the United States and Japan
Independent Samples Test

Vegetable

Equal variances

Sig.

Mean

Std. Error

t

df

(2-tailed)

Difference

Difference

-10.362

2

.009

-137.85

13.303

-10.362

1.688

.016

-137.85

13.303

Consumption assumed
Equal variances
not assumed
The table shows independent t-test to identify a difference in vegetable consumption between the
United States and Japan.

% of adult overweight, obesity, adn over

Trends in adult who have BMI over 25 among male and
female aged 20 and over: the United States and Japan

Figure 4.3
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US male
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74.0

71.8

74.2
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64.1

63.6

65.5

66.9

67.8

77.8

JP male

28.6

30.4

29.1

28.7

31.3

30.7

JP female

20.6

21.1

19.4

21.3

20.6

21.9

Trends in adults who have BMI over 25 among males and females aged 20 and
older: the United States and Japan

Trends in adult overweight and obesity between males and females aged 20 and over: the United
States and Japan (CDC, 2018; NHNS, 2017).
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CHAPTER V
DISCUSSION
Previous research indicated that food diversity is important for food selection and
consumption when people purchase food products. In addition, the variety of food affects
nutrition intake and the quality of meals. While Sanchez-Flack et al. (2018) indicated a
relationship between vegetable consumption and types of food stores, this study did not show a
significant association between the variety of vegetables in markets and vegetable consumption.
Both vegetable consumption and the variety of vegetables in markets among the Japanese
population were higher than the United States. Garbriel et al. (2018) indicated that Japanese
dietary habits are unique and healthy, such as high intake of plant-based products. This study
also showed that Japanese people consumed more vegetables than the American population.
Although this study did not find a statistically significant difference in the variety of vegetables
in markets, Japanese markets have more vegetable products than the United States markets, so
the variety of vegetables in markets could affect vegetable consumption. However, future studies
should include several nutrient intakes, including carbohydrate and energy, and food groups,
such as fruits and grains related to dietary fiber intake to investigate food diversity in the market.
Nakaji et al. (2002) identified the trend of dietary fiber intake, which was 15-18 grams;
however, the recent data was also 15 grams daily. Thus, the trend of dietary fiber intake in Japan
has been stable in the past decades. Even though the dietary fiber intake has declined, Japanese
people tended to consume more plant-based food products rather than animal products. The
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dietary pattern could affect lower overweight and obesity rates. As De et al. (2014) mentioned,
multiple factors, such as physical activity, socioeconomic factors, and other dietary habits
influence the obesity rate in each country while dietary fiber intake could affect the prevalence of
obesity. Each population did not reach its recommended dietary fiber intakes. The means of
dietary fiber intake between the United States and Japan were similar; however, the rate of
overweight and obesity was different. The obesity rate among Japanese adults was
approximately ten times less than the rate of the American population. Hales et al. (2018)
indicated that there was no difference in the rate of overweight and obesity between genders.
This study also did not show a difference between males and females. The relationship between
nutrient intakes and the prevalence of overweight or obesity are significantly affected by each
other. Nevertheless, only one nutrient, such as dietary fiber cannot be indicated to affect an
increased rate of overweight and obesity directly. While American people tended to consume
starchy vegetables, including potatoes and sweet potatoes, Japanese people were more likely to
consume colorful vegetables, such as cabbage, carrots, and tomatoes. This could affect dietary
fiber intake and obesity rate.
While the relationship between the variety of vegetables in markets and vegetable
consumption was not significant, Japanese vegetable consumption and the variety of vegetables
available in markets was higher than the United States. Even though dietary fiber intakes were
similar, other factors were different. The trend of being overweight or obese in Japan has been
stable in the past decades. The prevalence of being overweight and obese among American
people was higher than only the overweight rate; that is, American people have more serious
weight problems than the Japanese population. Kobayashi et al. (2013) identified that a greater
variety of food leads to improved particular nutrient intakes. However, this study did not identify
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a significant relationship between the variety of vegetables in markets, vegetable consumption,
and obesity rate. Vegetable consumption is not the only factor affecting dietary fiber intake and
the prevalence of overweight and obesity. In addition to vegetables, grains and fruits also affect
dietary fiber intakes (Hoy & Goldman, 2014). Even though vegetable intake contributes to 16%
of dietary fiber intake per day, other nutrients also affect dietary fiber intake such as fruits 12%,
bread 12%, and cereals 8% (Hoy & Goldman, 2014). The rate of being overweight and obese is
also related to other nutritional intakes, such as energy, fat, and sugar consumption. Increased
food choices leads to an increase in nutrient content of the diet, but this study cannot determine
food diversity in markets by only one factor, such as the vegetable group. Other groups, such as
fruits and grains, should be included in future studies to determine food diversity in markets.
Hoy and Goldman (2014) indicated females’ dietary patterns were represented by healthier food
choices such as higher fiber density foods in contrast to males’ dietary habits. However, this
study did not observe significant differences in dietary fiber intake and vegetable consumption
between males and females.
This study identified how to measure the variety of vegetables available in markets
through online resources. In Japan, an online resource is still developing because Japanese
people usually do not use online shopping and prefer to see leaflets. Online shopping or online
resources are generally utilized by the younger generation only. Since the head of the household
primarily purchases the food products, they may not be likely to buy them via the online market.
People prefer to see actual products to check the quality and decide on the quantity to purchase.
If people order food products, they must be at home to receive the products. However, after they
work, they can purchase foods at supermarkets on the way home. For future studies, an accurate
measurement tool would be helpful in identifying the variety of vegetables. Directly counting
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food groups is also reliable and easily accessible for research. Regarding geographical location,
this study compared Jackson, Mississippi and Kamakura, Kanagawa. This study included just
five markets in each city, and both cities are only one city in each country. Therefore, this
research cannot be generalized and does not represent the total population of each country. Each
location has unique food patterns, habits, and cultures. Several cities and prefectures should be
included in future studies to represent the characteristics of each population.
Another strength was a finding regarding the recent trend of Japanese dietary habits.
While literature indicates that Japanese dietary habits have been changing to mirror more
Westernized dietary habits, current data from NHNS showed that the Japanese population
consumed mainly plant-based products rather than animal products (the ratio of plant-based:
animal-based = 6:1) (MHLW, 2017). The Japanese adult population is more likely to consume
traditional Japanese meals, such as tofu and natto. This unique study can lead to investigating
new ideas incorporating both United States and Japanese data and knowledge.
Future studies would also need to include other factors such as socioeconomic factors and
government policies to find an effective strategy for enhanced vegetable consumption. There are
several limitations to this study. First, there was a small sample size for each market. In Japan,
there are no national markets which include all the prefectures because each place has unique
food stores. Therefore, the researcher could not include representation from all Japanese markets.
The second limitation was the methodology of using online shopping resources. Researchers
should find additional resources for data collection. Most Japanese markets, specifically
traditional markets, do not have a list of products available on their website. Therefore,
researchers should consider an alternative methodology to count the variety of vegetables in
Japan.
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Historically, the prevalence of being obese in each country tended to increase, and it
caused many diseases, such as cardiovascular disease, diabetes, and hypertension. The
prevalence of obesity in the United States has been growing significantly in the past few decades.
However, the rate of being overweight and obese in Japan has not been increasing but seems to
have been stable for a few decades. Even though dietary fiber leads to improving or maintaining
health, both populations do not meet recommended dietary fiber intake and vegetable
consumption. People are still struggling to meet the required amounts of vegetables and dietary
fiber. There are several strategies for improved vegetable consumption, such as food choices,
education, and government policy like WIC or SNAP. However, an enhanced variety of
vegetables at markets may not relate to improved vegetable consumption. Future research can be
conducted to indicate an effective strategy for enhanced vegetable consumption.
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CHAPTER VI
CONCLUSION
Obesity is a crucial factor in health and wellness, and dietary fiber intake plays essential
roles in disease prevention and weight management. This study did not find a relationship
between a variety of vegetables in markets and vegetable consumption in the United States and
Japan. Japanese markets have more food diversity than the United States supermarkets. In
addition, Japanese population consumed more vegetables, and the obesity rate is less than the
rate of obesity in the United States. While there was no significant association among vegetable
diversity, vegetable consumption, dietary fiber intake, and obesity rate, vegetable diversity could
be a factor leading to increasing vegetable consumption. This research can aid in improving
people’s dietary fiber intake through an environmental factor such as vegetable variety in
markets and being helpful for the Asia Pacific Clinical Nutrition Society. Future studies should
consider more effective methodology to measure the variety of vegetables, increase sample size,
and find accurate resources, such as measurement for food diversity and more detailed data from
NHANES or NHNS instead of summarized data. These findings could be utilized to establish
effective nutrition interventions or weight management programs. The adult population has not
reached its recommended intakes for vegetables for several decades. Also, strategies to increase
vegetable consumption seems to have been underdeveloped thus far. Therefore, targeting
markets could be effective to enhance vegetable consumption and dietary fiber intake.
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SUPPLEMENTAL MATERIALS
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The list of Foods Based on USDA Food Patten
Table A.1 shows each vegetable group based on USDA Food Pattern.
Table A.1

List of Food Category based on the USDA Food Patterns Components

Vegetables

Foods

Components

Total Vegetables

Includes the sum of all foods in the Vegetables components listed below except
Beans and Peas (Legumes):

Dark Green

Arugula / Basil / Beet greens / Bitter melon leaves / Broccoli / Broccoli raab /

Vegetables

Chinese Cabbage (Pak-choi) / Chrysanthemum garland / Chard / Chicory leaves
/ Cilantro (Coriander) / Collards / Cress / Dandelion greens / Endive / Escarole /
Greens / Horseradish leaves / Kale / Lambsquarters / Leaves of grapes,
pumpkin, squash, sweet potato, swamp cabbage, taro, and thistle / Lettuce
(Boston, butterhead, green or red leaf, cos or romaine) / Mustard cabbage /
Mustard greens / Parsley / Poke greens / Spinach / Turnip greens / Watercress

Total Red and

Includes the sum of all foods in the Tomatoes and Other Red and Orange

Orange Vegetables

Vegetables components listed below:

Tomatoes

Tomatoes (canned, cooked, raw, stewed) / Tomatoes, dried / Tomato juice /
Tomato paste / Tomato puree / Tomato sauce

The table shows each vegetable group based on USDA Food Pattern Food (Anesbury et al.,
2018).
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Table A.1 (continued)
Other Red and

Calabaza (Spanish pumpkin) / Carrots / Carrot juice / Red colored bell, and

Orange Vegetables

nonball peppers / Pimiento / Pumpkin / Squash (most winter varieties) / Sweet
potatoes

Total Starchy

Includes the sum of all foods in the Potatoes and Other Starchy Vegetables

Vegetables

components listed below:

Potatoes

White potatoes / White potato flour / White potato flakes

Other Starchy

Breadfruit / Burdock / Cassava (Yuca blanca) / Corn, sweet (raw) / Dasheen /

Vegetables

Green bananas / Hominy / Jicama (Yam beans) /Lima beans, immature / Lotus
root / Parsnips / Immature peas (e.g., immature cowpeas, blackeye peas, green
peas, pigeon peas) / Plantains / Salsify / Tannier / Tapioca / Taro / Water
chestnuts / Yams

Other Vegetables

Alfalfa sprouts / Artichoke / Asparagus / Avocado / Bamboo shoots / Beans
(green, yellow, snap, string) / Bean sprouts / Beets / Bitter melon (bitter gourd,
balsam pear) / Broccoflower / Brussels sprouts / Cabbage / Cactus (Nopales) /
Capers / Cauliflower / Celeriac / Celery / Chayote (Christophine) / Chinese
cabbage (Pei-tsai) / Chinese okra (Luffa) / Chives / Cucumber / Eggplant /
Fennel bulb / Flowers, edible / Garlic / Ginger root / Horseradish pods / Jute /
Kohlrabi / Leeks / Lettuce (varieties not in dark green category) / Mushrooms /

The table shows each vegetable group based on USDA Food Pattern Food (Anesbury et al.,
2018).
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Table A.1 (continued)
Other Vegetables

Okra / Olives / Onions / Palm hearts / Peas, podded / Peppers, bell and nonbell
peppers (not red or orange in color) / Pokeberry shoots / Radicchio / Radish /
Rutabaga / Scallions / Seaweed / Snow peas / Sprouted beans (e.g. mung,
soybean) / Squash (green, sequin, spaghetti, yellow, zucchini, most summer
varieties) / Tomatillos / Tomatoes, green / Turnips / Winter melon (Wax gourd)

The table shows each vegetable group based on USDA Food Pattern Food (Anesbury et al.,
2018).
One Example List of All Vegetables in Kroger
This study utilized the following list to count the variety of vegetables in markets. The
number of products represents how many brands per each vegetable put on markets.
Table A.2

One Example List of All Fresh Vegetables in Kroger

Vegetables

# of

Vegetables

brands/products

# of
brands/products

Red bell pepper

4

Green onion

3

Orange bell pepper

2

Yellow onion

3

Bell pepper, yellow

2

Green beans

2

Green bell pepper

1

Jalapeno pepper

1

Colorful bell pepper

1

Sweet potato, yam

5

Grape tomatoes

3

Sweet potato, white

1

Celery

6

Broccoli

8

Fresh vegetables were counted at Kroger through online.
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Table A.2 (continued)
Roma tomato

2

White mushroom

9

Cilantro

3

Sweet yellow/gold onion

7

Zucchini

2

Green cabbage

2

Cucumber

2

Red onion

5

Carrot

12

White onion

3

Avocado

5

Garlic

4

Baby carrot

10

Radish

4

Russet potato

6

Sweet tomato (cherub

2

nature)
Serrano green peppers

1

Parsley

2

Romaine lettuce

4

Basil

1

Mushroom, brown baby

6

Tomatillo

1

7

Cherry tomatoes

1

Ginger

2

Brussels sprouts

4

Red potato

7

Mini cucumber

1

Chayote squash

1

Spinach

2

English cucumber

2

Red cabbage

1

Squash yellow

2

Eggplant

2

Bella
Beefsteak tomato / red
tomato

Fresh vegetables were counted at Kroger through online.
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Table A.2 (continued)
Green kale

4

Mushroom crimini

1

Campari tomatoes / medley

1

Vegetable mix

10

3

Salad mix

8

Shallot

1

Mixed baby potatoes

2

Iceberg lettuce

2

Thyme

1

Green leaf lettuce

3

Green collard

3

Habanero pepper

1

Sugar snap peas

3

Poblano pepper

1

Turnip

1

Mint

1

Cauliflower

5

Red leaf lettuce

2

Rosemary

1

Tomato on the vine

1

Parsley, Italian

3

Parsnip

1

Anaheim pepper

1

Bok choy

1

Squash, spaghetti

2

Baby dill

1

Yam, garnet, red

1

Squash, butternut

2

Chilaca peppers

1

Green turnip

1

Mushroom, shiitake

2

Jicama

1

Cabbage, Napa

1

Chives

1

Butter lettuce

2

tomato / gold cherry tomato
Gold potatoes / baby gold
potato

Fresh vegetables were counted at Kroger through online.
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Table A.2 (continued)
Mushroom, whole

2

Baby potato white/purple

1

Rutabagas

1

Leek

3

Curly mustard

1

Beet

5

Flat mustard green

1

Oregano

1

Tomato, kumato

1

Onion, pearl

2

Tarragon

1

Red dandelion green,

1

Portobello

freida dandelion green
Lettuce, Endive, Belgium

1

Sweet peppers, mini

1

Fennel

2

Pepper, hot

2

Cabbage, savoy

1

Mushroom, oyster

1

Idaho potato

2

Turmeric root

1

Gold Yukon potato

1

Pole bean

1

Asparagus

1

Rainbow chard

1

Red chard

1

Fresh vegetables were counted at Kroger through online.
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Table A.3

One Example List of All Frozen Vegetables in Kroger

Vegetables

# of

Vegetables

brands/products

# of
brands/products

Green peas

5

Edamame

6

Mixed veggies
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Potato

4

Broccoli

18

Sweet potato

4

Brussels sprouts

7

Asparagus

2

Green beans

6

Sugar snap peas

1

Cauliflower

11

Artichoke

1

Spinach

8

Avocado

1

White onion

2

Turnip

3

Carrot

1

Purple hull peas

2

Okra

5

Crowder peas

1

Baby lima bean

3

Butter peas

2

Italian green beans

1

Squash, yellow

2

Zucchini

1

Green bell pepper

1

Southern blackeye peas

3

Kale

2

Frozen vegetables were counted at Kroger through online.
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Table A.4

One Example List of All Dried Vegetables in Kroger

Vegetables

# of

Vegetables

brands/products
Lentil / Red lentil / green

# of
brands/products

1

Garbanzo bean

1

Green split peas

1

Red kidney

1

Blackeye

1

White bean

1

Northern bean

1

Mixed

2

Black

1

lentil

Dried beans were counted at Kroger through online.
Table A.5

One Example List of All Canned Vegetables in Kroger

Vegetables

# of

Vegetables

brands/products

# of
brands/products

Mixed veggies

19

Chili bean

1

Green bean

17

Northern bean

2

Mushroom, brown

8

Tomato

13

Sweet peas

13

Black bean

6

Red kidney

4

White potatoes

4

Green chili pepper

8

Italian green bean

4

Sauerkraut

4

Jalapeno pepper

12

Beet

8

Carrot

3

Canned vegetables were counted at Kroger through online.
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Table A.5 (continued)
Lima bean

1

Baby carrot

1

Garbanzo pea

1

Mushroom, white

1

Pepperoncini

1

Pinto bean

1

Artichoke

12

Asparagus

3

Blackeye peas

1

Pickled relish

2

Sweet potato

7

Baby corn

1

Green lentil / red lentil

1

Bamboo shoot

1

Spinach

6

Butter beans

1

Collard green

5

Red bell pepper

4

Wax bean

1

Brussel sprouts

2

Turnip green

4

Tomatillos

1

Pinto bean

1

White onion

1

Mustard green

1

Hot pepperoncini

2

Cabbage

1

Okra

1

Cauliflower

1

Canned vegetables were counted at Kroger through online.
Summary of Vegetable Counting in Kroger
After the list of all vegetables in Kroger, the researchers excluded juices, vegetable
drinks, and salads which contained various types of vegetables. Summary of vegetable counting
in Kroger is the following:
1. Artichoke

2. Asparagus
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3. Avocado

26. Celery

4. Baby corn Canned

27. Chard Rainbow

5. Bamboo shoot Canned

28. Chard Red

6. Basil

29. Chives

7. Beet

30. Cilantro

8. Bell pepper Green

31. Collard Green

9. Bell pepper Orange

32. Crowder peas Frozen

10. Bell pepper Red

33. Cucumber English

11. Bell pepper, yellow

34. Cucumber

12. Black bean Canned

35. Cucumber Mini

13. Blackeye peas Canned

36. Dandelion green Red, freida

14. Bok choy

dandelion green

15. Broccoli

37. Dill Baby

16. Brussels sprouts

38. Edamame Frozen

17. Butter beans Canned

39. Eggplant

18. Butter peas Frozen

40. Fennel

19. Cabbage Green

41. Garbanzo bean Dried

20. Cabbage Red

42. Garlic

21. Cabbage, Napa

43. Ginger

22. Cabbage, savoy

44. Green beans

23. Carrot

45. Green onion

24. Carrot Baby

46. Green peas Frozen

25. Cauliflower

47. Hot pepperoncini Canned
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48. Italian green bean Canned

71. Onion Red

49. Jicama

72. Onion Sweet yellow/gold

50. Kale

73. Onion White

51. Leek

74. Onion Yellow

52. Lentil (Red / Green, Dried)

75. Onion, pearl

53. Lettuce Green leaf

76. Oregano

54. Lettuce Iceberg

77. Parsley

55. Lettuce Butter

78. Parsley, Italian

56. Lettuce Red leaf

79. Parsnip

57. Lettuce Romaine

80. Pepper Anaheim

58. Lettuce, Endive, Belgium

81. Pepper Canned Green chili

59. Lima bean Canned

82. Pepper Habanero

60. Mint

83. Pepper Jalapeno

61. Mushroom crimini

84. Pepper Poblano

62. Mushroom White

85. Peppers (chili) Serrano green

63. Mushroom, brown baby Bella

86. Peppers Chilaca

64. Mushroom, oyster

87. Pinto bean Canned

65. Mushroom, shiitake

88. Pole bean

66. Mushroom, whole Portobello

89. Potato Gold Yukon

67. Mustard Curly

90. Potato Idaho

68. Mustard green Flat

91. potato Russet

69. Northern bean Dried

92. potato Red

70. Okra Frozen

93. Potato white/purple Baby
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94. Potatoes Gold / baby gold potato

113. Sweet potato, white

95. Purple hull peas Frozen

114. Sweet potato, yam

96. Radish

115. Tarragon

97. Red kidney Dried

116. Thyme

98. Rosemary

117. Tomatillo

99. Rutabagas

118. Tomato / red tomato Beefsteak

100. Sauerkraut Canned

119. Tomato Roma

101. Shallot

120. Tomato on the vine

102. Southern blackeye peas Frozen

121. Tomato Sweet (cherub nature)

103. Spinach

122. Tomatoes Campari / medley

104. Squash Chayote

tomato / gold cherry tomato

105. Squash yellow

123. Tomatoes Cherry

106. Squash, butternut

124. Tomatoes Grape

107. Squash, green acron

125. Turmeric root

108. Squash, spaghetti

126. Turnip

109. Sugar snap peas

127. Turnip Green

110. Sweet papers, mini

128. Wax bean Canned

111. Sweet peas Canned

129. White bean Dried

112. Sweet potato Canned

130. Zucchini
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